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ABSTRACT 

tlie  theory  of  th«  oaptwo  of  oloetrono  by 

alpha  partiolaa  in  their  paseage  through  Aatter  le  foroulaied  in  t«rnui  of 
a  niomcntuit  representation  of  the  electrone.  For  a  heavy  ion  oarrying  a 
core  of  electrolier  capture  is  largely  into  esoelted  eutes.  Tbtal  cross 
seetioiie.  fdi^  iiieh  ions  are  estimated  aasuffling  hydrogen-like  representations 
for  the  eleetroh  in  the  oaptured  states  and  treating  the  atom  from  which 
capture  takes  place  by  the  Thoffias-Fernd  model* 
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1#  MraoDUCtiOH 

The  capture  of  an  electron  by  an  energetic  Ion  in  its  pass* 
age  through  air  or  other  loaterial  is  a  collision  process  in 
which  an  electron  juinps  from  an  atom  to  ^  bound  state  of  the 
ion  and  the  difference  in  energy  is  absorbed  in  the  translational 
energy  of  the  two  hea\ry  particles*  Hadiative  capture  oan  oocur^t 
but  its  prooabllity  is  soialler  by  a  factor  of  the  order  of  mag* 
nltude  of  {e^/ho)^  ^  (1/137)®, 

^  y.  H.  Oppenheimer,  Phys*  Rev.  34®  (19E8)*  J.  F#  Carlson 
has  recently  made  detailed  oaloulatione  on  the  radiatire  capture 
cross  section  (unpublished)* 

An  estimate  of  the  capture  cross  section  0^  has  recently 
been  made  by  Bohr^*  His  formula  can  be  written  as  follows; 


where  Is  the  radius  of  the  smallest  Bohr  orbit  of  hydrogen 
(TTa^  z  0.88  10*^®  «  e^h  =  10®  oa/«eo*  v  is  the 

Teloolty  of  the  ion^  i  its  effectire  charge  number,  and  la 
the  atomic  number  of  the  substance  through  which  the  loh  is  pass-* 
ing*  The  formula  is  to  apply  for  ion  velocities  for  whioh 

Z  “ 

N*  BO  hr  (1948)  Kgl.  Dan.  Vid*  Sels.  18  ,  8  (1940). 

Eiv^/v^^l,  and  is  for  a  stripped  particle,  (i  s  Z,  where  2  is  the 
atomic  number  of  the  Ion)* 
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Th«  Born  approximation  has  been  ueed  by  Oppenhelae  r  and 

by  Brlnicuan  and  Kramers  to  oaloulate  tbe  capture  cross  section 
of  fast  alpha  particles.  The  approiimetlon  is  valid  only  if 
2v^^/v^:<  1  and  Sr^/v^^l,  v?here  Va  and  v®  are  the  orbital  veloc> 
Ities  of  the  electron  in  the  initial  (atomic)  state  and  in  the 
most  tightly  bound  final  (ionic)  state,  respectively.  However, 
the  results  are  of  some  interest  for  ion  velocities  below  the 
limits  of  validity  of  the  calculations, 

For  a  stripped  particle  of  high  velocity,  the  principal 
contribution  to  the  total  capture  cross  section  ai-ises  from 
capture  into  one  of  the  lowest  (n  s  1)  -eleotronlo  states  of 
the  ion,  which  states  are  widely  separated  in  energy  from  the 
excited  states*  Capture  into  all  excited  states  adds  only 
twenty  per  oent  to  the  cross  section  at  high  velocities^  but 
Is  of  greater  relative  importance  at  low  velocities, 

A  particle  carrying  a  single  electron  in  a  Is  state  has  a 
cross  section  for  capture  into  the  remaining  Is  state  which 
contains  the  statistical  factor  1/4,  because  the  two  electrons 
must  form  a  singlet  state  of  the  ion.  Since  excited  states  are 
practically  hydrogen-like,  they  can  be  expected  to  add  about 
eighty  per  cent  at  high  velocities  end  somewhat  more  at  low 
velocities* 

An  ion  carrying  a  core  of  more  than  one  electron  has  states 
for  electron  capture  all  of  which  are  usually  very  degenerate; 
moreover,  neighboring  energy  levels  are  not  greatly  distant. 

I^r  these  reasons,  capture  into  any  particular  state  is  rcla- 
^^vely  unimportant.  Even  at  high  veloolties ,  the  principal 

®  U*  0*  Brinkman  and  E,  A*  Kramers,  Proc,  K*  y^ad*  Amst,  33, 


979  (1930) 
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oontributiona  to  the  oroas  section  oome  from  excited  states. 

Since  an  electron  is  moat  readily  captured  when  ita  toIoo** 
Ity  la  approximately  the  ion  velocity,  the  momentum  distribution 
of  the  electrons  of  the  atom  from  which  capture  takes  place  Is 
very  important  in  the  capture  process*  Thus,  inner  electrons 
contribute  the  most  to  the  cross  section  at  high  ion  velocities 
and  outer  electrons  the  most  at  low  velocities. 

In  this  paper  the  Born  approximation  la  used  to  study  the 
capture  cross  section  of  high-velooity  lone.  Because  the  masses 
of  the  ion  and  atom  are  very  large  compared  to  the  electron  mass, 
the  atom  is  considered  as  stationary  and  the  velocity  of  the  ion 
regarded  as  unchanged  in  the  collision  process.  The  transition 
parobability  is  calculated  by  the  method  of  impact  parameters 
without  requiring  conservation  of  energy^*  A  momentum  represen- 

^  Compare  reference  3, 

tation  is  used  for  the  electrons,  which  simplifies  the  oaloula- 
tlons  and  makes  possible  a  simple  Thomaa-Fermi  treatment  of  the 
atomic  electrons. 
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8.  FIJiST  BOHM  APPHOXIMATION 

TB*  aaptor*  oross  saotlon  !• 

where  b  is  the  impaot  papaaeter  (b«T  s  0}  r  is  the  ioa  Telocity), 
and  0  Is  the  probability  amplitude  of  a  final  state  correspondinc 
to  capture*  In  the  Initial  state  the  ion  is  approaching  the 
neutral  etoa*  Its  Oouloab  field  (energy  teras  -le^/a  la  the 
Hamiltonian  for  each  atoalo  electron*  where  ie  is  the  net,  or 
effeotlTe,  charge  of  the  ion  and  R  the  distance  froa  the  ion  to 
the  electron)  affects  the  electrons  of  the  atoa.  Possible  final 
states  in  the  collision  correspond  to  no  change,  excitation  of 
the  ion,  further  ionization,  excitation  of  the  atom,  ionization 
of  the  atoa  without  capture,  and  ionization  of  the  atoa  with 
capture  by  the  ion* 

In  the  Born  approximation,  the  deformation  of  the  wave 
functions  daring  Impaot  is  neglected.  The  ware  functions  are 
assumed  to  be  nearly  orthogonal  and  all  transition  probabilities 
are  assumed  to  be  small. 

If  a  Hartree  model  is  used,  it  is  sufficient  to  consider 
the  electrons  separately  and  introduce  statistical  factors  where 
nceessary.  The  probability  amplitude  then  is 


In  this  formula')^  (?)  and  '^ (^)  are  solutions  of  the  Schrodinger 
ei^uation  for  the  electron  when  bound  with  energies  and  to 


the  atom  and  ion,  respectiTely* 


A  transfoTmatloa  to  a  nomentum  r«pra«*Btation  Is  eoavenlant 


because  R  eontaias  tbe  time.  Tbe  followiag  two  foneticQS  are 


Introduced! 

kcF)  ^ 


To. vr  ~  ~ 


it) 


Using  ■  ?  'f  7  -  v6(  the  expression  tor  the  probability  aapll> 
tude  becomes  ^  S^('b-h) 

C  =  ^  iF)  Cr) 

idiere  f  is  the  Mrac  delta  function  and  Pyy  is  the  convon^t 
of  Y  parallel  to  ^  In  this  apprexinatien  only  electrons  for 
idiieh  this  coi^OBeat  is  "t  can  undfirgo 

capture. 

On  substitution  in  (1)  there  results 

where  ^e  swniatios  is  to  be  carried  out  over  the  oeci4>le&  states 
of  the  atom  and  the  unoccupied  states  of  the  lonf  ea^  with  the 
factors  reiiuired  by  the  Hartree  model.  It  is  to  be  noted  that 


a  relation  which  greatly  simplifies  the  caleulatioas. 

It  is  interesting  to  examine  (6)  for  Icrw  ion  velocities, 
fhe  prinoipal  contributions  arise  from  the  maxima  of  the  monantum 
distributions,  since  in  general  these  occur  near  the  origin  of 
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the  corrsspondlng  aomentum  space,  (6)  Is  large  for  velocities 
such  that  ^  ,  Hence  for  a  specified  pair  of 

states,  capture  as  given  by  {6}  is  most  probable  at  low  veloci¬ 
ties  if  there  is  no  change  in  energy  of  binding  and  is  most 
probable  near  that  orbital  velocity  which  is  the  larger  if  the 
energy  of  binding  of  one  state  is  considerably  larger  than  that 
of  the  other. 

Cross  sections  as  given  by  (6)  are  probably  too  large  be¬ 
cause  of  the  error  introduced  in  assuming  the  amplitude  of  the 
initial  state  to  be  unity  during  the  collision,  for  a  reduced 
an^lltude  for  the  initial  state  tends  to  reduce  transition  prob¬ 
abilities^.  Distortions  of  the  momentum  distributions  to  be 
foiaid  in  diatomic  and  polyatomic  gases,  and  in  liquids  and  solids, 
due  to  interatomic  forces  are  neglected  since  they  are  important 
only  at  low  velocities,  for  which  calculations  have  limited 
'ralidity  in  the  first  Bom  approximation. 
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3.  OENTitaL  FIELDS 

In  th«  oeatral  field  approxiciatlon  for  tbe  atom  and  tbe  Ion 

I.(r)  --  , 

in  wbioh  tbe  eeoond  and  third  faotore  are  tbe  usual  normalized 
polar  and  azimuthal  ware  fiuetlone,  respeotlvely,  and  the  first 
factors  are  related  to  tbe  normalized  radial  ware  functions 
and  (H)  through  the  formulas 


JP 


The  first  four  polar  funotions  are  -  '^r—  0^^  ~ 

<^/±/  ir  ( 1-^'^)^ 


Th9  eaptur0  oross  seotion  as  glTsn  bj  (d)  thsa  beoomss 

t" 


iriiere 


i^yp  , 


and  the  s'samation  is  OTor  nlm  of  the  atom  and  a*l'n*  of  the  ion 


with  appropriate  faotors* 
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4,  particular  STATIS  with  HTHHOOIN-LIKjS  REPHt’SSRTATIOHS 

The  aooentxm  functions  of  (9)  are  easily  calculated  for 
hydrogen-like  states  by  using  the  generating  functions  for  the 
associated  Laguerre  functions  and  for  the  Gegenbauer  functions 
.  The  rasults^  are 


Compare  B.  Podolsky  and  L.  Pauling,  Phys,  Rev.  34,  109  (1929), 


where 


_  ^ 


^(^j,  ^  i.  s'.  . 


The  energies  are 

three  Gegenbauer  functions  are  ()t)  =  /  Q.'(%)  =  <3,k  =  / 

The  Capture  cross  section  into  a  state  n*l*m*  of  the  ion 


from  a  state  nlm  of  the  atom  Is 


mean  square  velocities  of  the  electron  in  Its  hydrogen-like  orbits 
in  the  atom  and  ion,  respectively.  Other  quantities  are 


y  V 


/  J 


/ 


Tb*  •quatioB  (13^)  glT«s  tb«  following  •zpreMlonn  for  t  be 
eapturo  into  le*  bs,  and  Sp  atatoB  of  a  stripped  ion  of  atonic 
ebarge  Z  froa  a  Is  state  of  an  atoa  with  effoctirsL  noelaar 


f 


oharge  Z 


(loo;  <Ooj  _  -:r^  (4gV'kJ^J_  C  Va./ v(»-  _ 

—xar 


(2oo;  looj 

Tva^ 


7^4(4eV-tvl_) 

*  5 


S'V^e  j 

r  ^e.  /Z»  Vo- 

i 

'ui 

vffn^i+4 


‘t-V'o 


^CZ-lojl®^^  ^-2,  H^e^M 
TTai  ■ 


Z\/o 


7 


r  Ve  /Z  y^ _ _  *>1^*7 


1  ' 

^  Si^Ml  UJ 

,r 

.hMe  V».*  anl  Ve  "  Z  e'/^ 

The  formula  giTen  apore  for  capture  into  a  Is  state  was  first 
derived  by  Brinkaan  and  ICraaers  .  replaeing  a  lass 

accurate 

formula  of  Oppenheiiaer^.  The  formulas  for  capture  into  Bp 
states  were  first  derived  by  Saba  and  Bazu^. 


M,  N.  Saha  end  D.  Bazu,  Ind.  J.  Pbys.  1^,  121  (1945). 
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Tor  T/tr^»  1,  Brinlnnan-nramera  fonmla  beeamaa 

io»>  _  (4eVi)*  ±  r  (,ij 

wta.*-  ~  ^  v'/t'’  ^vv'v\//  ^ 

m  thia  lialtc  ov  (tOO)lOO)  la  aMllav  tbaa  t..(X00|100)  bjr  a 

faotor  1/8;  ffi  (S10;100}  dlffara  fr<m  tba  BriiilDBaa*CraAara 

forama  b/  ^  (^/  (—j  ;  and  r,  loo) 

a988lataata  *iib  alpha  partialas  In  hjrdros^^  lead  to  the 


;•  0.  ^aoobaen.  Mature  UT.  856  (19X8)  •  Phil.  liag.  in,  410 
(19S0). 


oouoluslon  that  the  mean  free  path  at  MTP  la  greater  than  20  oa 
at  a  Telocitp  of  17.5  10®  ea/aee.  Elnee  there  are  5.37  10^* 
atoms/om^  at  NIP,  the  oapture  oroas  seotlon  is  leaa  than  0.93 
10“^^  cm*  at  thia  veloolty.  Thus  -Jl/ tt  af  <  1.1  10*®  for  T/(eVh)  s 
The  Brinhaan^Kraaers  foxaula  giraa  1*8  10*®  for  this  ratio,  in 
better  agreeaent  with  experiment  than  (18),  vhloh  gires  2.4  10*®. 
Capture  Into  ezoited  states  adds  St  least  twsatj  per  sent  to 
these  nunbers* 

It  Is  to  be  expeeted  that  the  equations  (15)  give  sons  indi* 
oatlon  of  the  eaptore  prosess  at  low  relosities.  If  the 

Brinluan^Draasrs  fernula  has  a  nsriaun  sllghtlp  below  ▼  s  (vf  *■  | 

and  tends  to  sere  as  t®.  If  Tn  a  It  has  no  aazinun  and 
besttus  infinite  as  1/w*.  Bf  nay  of  iUuatratisn*  snrves  using 
these  fomulas  for  alpha  partisles  in  atonie  hpdregen  are  shewn 
in  Fig.  1.  The  dashed  eurres  are  for  eapture  into  partisular 
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two-quantuai  (a*  a  S)  statas.  Tha  total  oroas  seotlon  for 
capture  into  tv«o-qaaatum  stataa  ia  given  b/  ourre  q*  z  2. 

Also  plotted  are  euxTes  for  capture  Into  all  atatee  haring 
prlnolpal  quaatuia  nunbers  3,  4,  ato.,  oaloulated  froai  (S3) 
below,  and  the  total  orosa  aectlon  for  capture  into  any  state 
of  the  ion  (top  ourre)*  since  the  energy  of  the  two-quantua 
states  of  He^  is  the  same  as  the  energy  of  the  ground  state 
of  M,  the  two-quantua  states  give  the  principal  contribution 
to  the  total  orosa  section,  except  at  very  high  velocities, 
sdiere  capture  into  the  ground  state  of  He'*' predominates. 
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8.  wm  CROSS  SSOflOM  FOR  CAPTORl  INTO  HTDROOSS-LIKI  STATES 
AS  long  as  th«  oxolusion  prlnolpl*  does  not  Interfere, 
the  Bua  orer  m»  In  (10)  Is  given  by  the  addition  theorem 


e'*-! 


{nj 


If  in  addition  the  states  of  the  Ion  ai*e  hydrogen-llke,  the 
sun  over  1*  la  given  by  the  seeond  addition  theorem 

vi'  ^C'*>  ,72  ^ 

ei  /UW  = 

Therefore,  using  (I2), 

$■  lO  (r>r&^ 


QfJ 


The  total  oross  seotion  for  oepture  Into  any  state  of  the 
ion  is,  in  t^e  eentral  field  approximation,  the  sum  of  oontri- 
butions  for  oaptore  into  the  unoooupied  shells  of  the  ion: 

H  ' 

If  the  shell  n*  is  oompletely  unoooupied  and  if  a  hydrogen-like 
repreeentatioa  for  these  states  is  valid,  the  use  of  (19)  gives 

—a*"  ^  V  ' 

shere  ^  , 

and  the  stanatloa  ie  ever  the  nlm  states  of  the  atom  with 
appropriate  feetore. 
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I  Plo  &o^  p^) 


JA 

TT  ^  j,-] 


) 


wli«i»  o^fi  =frh\r^  j  e j 


b(^e<Nitcs  for  an  at^  with  »  single  I0  electron 


(Tc  ('^'-^ 


f  Ve 

/ 

1  l/on'/f/a. 

1/^' 

[i^  '^^'0 

■  ©j‘J 

(a  V 


r^/j 


v^lch  also  follone  from  th«  first  of  oqiuatloac  (14)  oa  roplaalag 
2  by  1  and  v.  by  v.««  t9W  largo  loa  ▼olooitloo  (13)  dopoada 

•  "  oO  ^ 

on  a*  i)Js  l/n‘®.  Since  •  l.JSOa  end  since  oepture  Is  prin¬ 

cipally  from  Is  states  at  high  velocities  (aithough  otber  states 
have  this  general  behavior  also)*  capture  into  eoccitcd  states 
add  twmty  per  cent  to  the  cross  section  for  completely  stripped 
ions  of  high  velocity*  os  has  bean  observed  by  Oppiothclmer^. 


AZCD  -  2430 


14> 


6*  martree  treatment  of  the  atom 


For  atoiiis  mlth  nan/  •l«etron»  it  is  propo««d  to  us^  aimpl/ 

P  (U) 

as  the  atofflio  radial  ooffleatuui  fuaetloae*  In  this  szpressioa 
c<  -  _:§<*!  /  )  and  t  Slater *s  effeetiTe  charge^ 

/^y\^  ^  y 

ia  used  to  ealoulate  «<•  Since  these  functions  have  the  prop* 
orty  that  ^  f  ( /))j  =•  {c^h)  ,  it  is  consistent  to  take  for 
the  energy  Slater's  va  lue  . 


(a  H-) 


J.  C.  Slater,  Phye,  Rev,  57  (1930).  For  etowic  nitrogen, 

i&  o«7  Aor  the  K  shell  aad  ^e9  fox*  the  L  ehellg 


The  oarrespondlng  space  functions  are 

..  r  I'lx 


(e</tj  C 


vfhloh  differ  from  Slater's  functions  in  that  they  hare  a  hydrogen- 
like  form  for  small  r  rather  than  foj.-  large  r  (  the  normalisation 
affects  the  magnitude  In  both  oases).  The  Slater  funotlons  give 
reasonable  values  for  sizes  of  atoms  and  ions  but  not  always 
reasonable  values  for  the  average  momentua*  In  the  problem  at 
hand  the  latter  Is  of  prime  inportanoe* 

Cn  combining  (24)  with  (19),  there  is  obtained  for  the 
cross  seotiott  for  oapture  of  a  particular  eleotron  in  on  atomic 
state  nlm  into  any  unoecupiod  shell  of  the  Ion  with  prlneipal 
quantum  number  n* 
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Th«  integration  le  •aelljr  oarrl«4  oat  for  partlealar  Taluaa  of 
l0* 


Equation  (26)  haa  been  used,  to  calculate  oapture  croaa 

eeotlons  for  alpha  particles  in  nitrogen.  Since  the  ground 

2^94 

state  of  atomic  nitrogen  la  Is  2s  2p  S»  the  three  2p  elec¬ 
trons  have  0  s  -1,  0,  ^1*  Hence 

In  Figs  2  are  plotted  oroes  eeotioiia  for  capture  into  the  ground 

etate  only  (n*  :  1)  of  He'^  and  the  total  oroes  eeotion  (top 

ourve)*  The  curves  for  tho  le^  and  Zb  electrons  are  essentially 

3 

the  saxae  as  curves  given  by  Brinkman  and  Kramers  •  However  these 

»* 

authors  omitted  contributions  from  the  2p  electrons  on  the 
ground  that  oontriJbutions  from  p  electrons  are  negligible #  Suoh 
is  not  the  case  for  v/v^  below  5  (v^  •  Zb^/Ii)*  In  fact  below 
about  4.2  the  formula  for  electrons  contributes  more  than  the 

o 

formula  for  the  2s  electrons,  and  below  about  3*£  it  oontributes 
mors  than  the  formula  for  the  Is  elsctrons.  Contributions  of 
excited  statea  to  the  various  cross  sections  ars  given  in  Table  1. 
Excited  states  contribute  to  the  total  cross  section  a  saximun 
of  about  60  per  oent  at  slightly-  below  v/v,  s  2.  This  najeioum 
oomes  from  the  2p  electrons.  Also  shown  in  Fig.  £  are  some 
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9  10 

polats  from  aeasursraents  by  Hutherford  and  J'aoobsen  •  Calcu¬ 
lated  cross  sections  ere  larger  by  a  rather  big  factor  oTer 
the  entire  velocity  range,  the  greatest  difference  being  at 
low  velocities,  as  expected, 

^  £•  Rutherford,  Phil*  I^lag*  4^,  277  (19S4) ;  data  from  alpha 
particles  in  ii^ioa  and  in  air,  whioh  subatancea  seem  to  hare 
siiailar  oharaoteristies* 

J*  C*  Jacobsen;  points  shown  ere  for  air  and  are  those  glTen 
b7  Brinkman  and  Kramers,  loo*  oit* 
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7.  ESTIMATES  FOR  HEAVY  IONS 


A  aiiaplified  expreatsioo  Is  obtalasd  from  (21)  by  supposlsfi 
states  of  the  atoa  with  the  same  principal  <i«aatiui  niuiber  to  be 
degenerate,  with  ,  replacing  the  sum  of  / 

oyer  a  eomplete  shell  »  •*'*  epproxlMatlng 


oyer  a  eomplete  shell  by 
the  sum  oyer  n  with  integral  2-1 


,  and  approximating 
•  The  result  is 


where 


/  n- 

tW  if 


_ 


a  t^/ J 


is  an  appropriate  ayerage  of  the  cube  of  the 


effaetiye  nuolear  oharge  and 

" . 

is  an  integral  which  approaches  unity  for  large  yalues  of  its 
argument.  If  Slater *s  yalues  are  used  and  a  simple  ayerage 
taken,  ^  for  aitrogen.  This  factor  proyides  a 

crude  explanation  for  Jacobsen *s  obseryatioa^^  that  the  mean  free 
path  for  capture  of.  alpha  particles  is  more  than  one  hundred 
times  greater  in  hydrogen  than  ia  air.  ^ 

If  ia  (20)  the  sum  oyer  n*  is  replaced  by  / 
there  is  obtained 


3L{/i 


in  .Well  J_ _  i  s'’  '?  Jk  7 

,  IC(^}  --  A'}  L  70^')"''  7  I  (/fs-jyj 

is  an  expression  which  also  approaches  unity  for  large  values 


of  its  argument. 
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8,  STATISTICAL  TfiEATMIHT  OF  THl  ATOM 

In  a  Thonas-Farml  traatmant  of  tba  In  (6) 

Ib  replaoed  by  ^(f> t  which  Is  tha  numbar  of  alaetrona 
in  tha  eneri^y  range  to  having  momenta  in  unit 

range  about  ^  ,  and  the  eum  over  the  ooouplftd  states  of  tha 

atora  is  repiaoed  by  an  integral  over  the  energy  of  tha  elaotrona. 
This  procedure  yields 

where  tha  sumiaation  la  now  only  over  tha  unoccupied  states  of 
tba  ion* 

TO  calouluta  »  l«t  y.('v)  be  tha  alaotrostatic  potential 

in  the  atom*  Tha  number  of  electrons  in  the  range  dr  dp  is 

•  Since  these  have  anargles  in 

tha  range  -C 

wher#  a  is  a  function  of  €  /  "  Cf^  * 

On  performing  the  energy  Integration 


rc  -  ^>1  fr  -A, -J 

If  (19)  is  used*  tha  sumdiation  ot in  in  (32)  over  a 
complete  set  of  unoccupied  states  with  principal  quantum  numbar 
n*  givaa  ^  •  i.  «  ,  ,  J 

raTT^r/jHieX;  ^ 

Therefore  for  capture  into  such  a  group  of  states. 
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2n  this  ej^resslon  the  secood  iategratlon  is  transfoned  into  an 


integration  over  A.  •  After  the  order  of  integ^ratim  Is  Intcrohaacsd* 
tile  Integretioa  ovw  pu  is  sin^e.  If  ,  the  result  is 

shere  -  — ^-  3  » 

nie  Farni  eharge  funetlan  is  introdooed  by  eritiiig 

A-a/i’y-  ^  e  y-(jt)  r  . 

<V9'  — y—  ‘ 

(37) 

in  idiich  «.=  C^^)’  is  Fermi  length  and 


/=  /w  K, 

O-  '  -X" 


/*'  is  an  energy  parameter* 


In  terms  of  thseo  quantitlos, 

uhere  (  ^  >  o  ) 

and 

5he  ferwtla  (35)  reduces  to  (88)  on  replacing  by  (^a  /^<<. 

‘T  / le  .  r%\  <=£  Tfij  \  smA  X  (  La .  fi'  ^  amn^aelios  Xi ■  fbr  iJi  SSV  a 


Iforoovor 


wia  reaucos  v«»/  on  r«pAwsj.oe  K^fo  /-y  iv  v 

,  I(yjo)slt<j)  and  If<j,(3')  approaches  I y  &r  »Y/S'“ 
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XT,  as  lit  (30»  the  mm.  ever  n'  is  rvplaiexA  hy  an  there 

Is  obtained 


5L 

J)-<C 


VVe^  MS-  '^<4 


m 


ehere  As%2i^ ffn\k''  *** 
'  ft-  '  ■2_ 


In  vhlchX,  «il  daflned  bjr 


Hw  qM8*itltlesIr^,(^')  mA  >»ve  been  tabulated  for 

a  few  values  of  paranetetrs  In  T^^e  2. 
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Table  2.  NvuBeric&l  valuee  of  I(y,A')  and  K{y,/3). 


y 

v/2v 

i(y,o) 

i(y.9) 

Ky.io) 

I(y.20) 

K{y,o) 

K(y,S) 

K(y,10) 

K(y,20 

1 

1.20 

0.056 

0.0044 

0.0016 

0.00066 

0.107 

0.0076 

0.0026 

C«00088 

£ 

2.12 

0.39 

0.077 

0.040 

0.0176 

0.48 

0.094 

0.046 

0.0197 

3 

3.06 

0.66 

0.26 

0.14 

0.068 

0.78 

0.28 

O.IS 

0.071 

4 

4.06 

0.76 

0.49 

0.65 

0.141 

0.61 

0.47 

0.£6 

0  .14 

PARTICLE  VEL0CITY/(e^4l) 
Figure  1. 


CAPTURE  CROSS  SECTION  /"n'(‘^meV 
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